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tionally, a supplemental location signal is also transmitted to
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mobile device 1s detected within proximity of a fixed sensor.
A visual display image of the path of the person of interest 1s
then displayed at the tracking station overlaid on a geographic
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SYSTEM AND METHOD FOR TRACKING
PEOPLE

CROSS-REFERENCE TO RELAT
APPLICATION

T
»

This application 1s a continuation-in-part of U.S. patent
application Ser. No. 12/970,714, filed Dec. 16, 2010.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to monitoring and tracking,
and particularly to a system and method for tracking people 1n
large crowds, such as during the Hajj pilgrimage.

2. Description of the Related Art

The Hayj 1s a pilgrimage to Mecca to be performed at least
once 1n a Muslim’s lifetime. The Hajy 1s performed within a
s1x-day period each year within designated boundaries inside
the city of Mecca. Over 2.5 million pilgrims visit Mecca each
year, the pilgrims all congregating within a relatively small
region. An additional 4 million visitors come to Mecca at
other times of the year. During this time, a number of visitors
to Mecca are, 1nstead, attempting to obtain employment and
stay 1n Saudi Arabia illegally. Due to the overwhelming
crowd visiting Mecca during this time, 1t 1s nearly impossible
to regulate all of the visitors to prevent acts of illegal 1mmi-
gration.

It would be of great benefit to authorities to be able to track
visitors during the Hajy. Although visual tracking, the use of
checkpoints, increased numbers of police officers and offi-
cials, and other conventional crowd control methods are pres-
ently used, the sheer number of visitors to Mecca within such
a small region makes such supervision relatively inetiective.
Thus, a system and method for tracking people solving the
aforementioned problems i1s desired.

SUMMARY OF THE INVENTION

The system and method for tracking people provides for
the tracking of individuals 1n large crowds, such as the track-
ing of individual pilgrims during the Hajj pilgrimage in
Mecca. A polling request 1s imitially transmitted from a base
or tracking station to a mobile device, such as a cellular
telephone, personal digital assistant or the like, associated
with a particular person of interest. Preferably, the polling
request includes identification data associated with the
mobile device of the person of iterest. Upon receipt of the
polling request, a location signal 1s transmitted from the
mobile device back to the base or tracking station. The loca-
tion signal includes positional data and time data representa-
tive of the location of the mobile device at the time of trans-
mission of the location signal. Preferably, the mobile device 1s
equipped with a global positioning system (GPS) receiver,
allowing the mobile device to receive signals from the global
positioning system and calculate the geographic position of
the mobile device.

Additionally, a supplemental location signal 1s also trans-
mitted to the base or tracking station. The supplemental loca-
tion signal includes supplemental positional data and supple-
mental time data representative of the location of the mobile
device when the mobile device 1s detected within proximity
of a fixed sensor. Preferably, the mobile device has a radio
frequency 1dentification (RFID) chip embedded therein, and
the fixed sensor 1s a radio frequency sensor. The RFID chip 1s
encoded with the identification data of the mobile device’s
user, allowing the position of the nearest radio frequency
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sensor to be recorded as the approximate position of the
person of interest. The positional data and time data, along
with the supplemental positional data and the supplemental
time data, are recorded 1n a database as a set of geographic
positions and corresponding times associated with a path of
the person of interest. A visual display image of the path of the
person of interest 1s then displayed at the base or tracking
station, the path being overlaid on a geographic map.

Preferably, an 1con representing the person of interest at
cach recorded position thereol on the path of the person of
interest 1s displayed on the geographic map. Preferably, each
icon 1s 1nitially displayed 1n a first color. If alocation signal 1s
not receirved at the base or tracking station following trans-
mission of the polling request, and 11 an updated supplemental
location signal 1s also not received, then the 1con associated
with the person of interest’s last known position 1s displayed
in a second color distinct from the first color. For example, 1f
the person of interest goes inside a building with no cellular
service, or has traveled outside of the general geographic area
ol interest, then the 1con representing the last known position
would be displayed 1n a different color on the display at the
base or tracking station.

These and other features of the present invention waill
become readily apparent upon further review of the following
specification and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram of a system for tracking people accord-
ing to the present invention.

FIG. 2 1s a block diagram of base tracking station compo-
nents in a system for tracking people according to the present
ivention.

FIG. 3 1s an exemplary map display generated by the sys-
tem for tracking people according to the present invention.

FIG. 4 1s a diagram of an alternative embodiment of a
system for tracking people according to the present invention.

Similar reference characters denote corresponding fea-
tures consistently throughout the attached drawings.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The system and method for tracking people provides for
the tracking of individuals 1n large crowds, such as the track-
ing of individual pilgrims during the Hajj pilgrimage in
Mecca. A polling request 1s mitially transmitted from a base
or tracking station 18 to a mobile device M, such as a cellular
telephone, personal digital assistant or the like, associated
with a particular person of interest. In FIG. 1, the mobile
device M 1s shown as an exemplary cellular telephone,
although 1t should be understood that system 10 may be used
in combination with any desired mobile device capable of
receiving and transmitting signals.

Preferably, the polling request includes 1dentification data
associated with the mobile device M of the person of interest.
The polling request may be transmitted manually, at any
desired time, or may be transmitted automatically at prede-
termined time intervals, such as once every five minutes or
once every hour. Upon receipt of the polling request, a loca-
tion signal 1s transmitted from the mobile device M back to
the base or tracking station 18. The location signal includes
positional data and time data representative of the location of
the mobile device M at the time of transmission of the loca-
tion signal. Preferably, the mobile device M 1s equipped with
a global positioning system (GPS) receiver, allowing the
mobile device to recerve signals from the global positioning
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system (represented generally as Gin FIG. 1) and calculate
the geographic position of the mobile device M. As an alter-
native to the polling request, the mobile device M could be
pre-programmed to transmit the location signal at a pre-set
time interval without the necessity of polling. In this alterna-
tive, upon arrival at the desired location, such as, for example,
arrival in the Kingdom of Saudi Arabia at the time of the Hayj,
the cellular telephone or other mobile device M of each pil-
orim will be loaded with software that automatically trans-
mits the location information periodically to the base station
18.

Additionally, a supplemental location signal 1s also trans-
mitted to the base or tracking station 18. The supplemental
location signal includes supplemental positional data and
supplemental time data representative of the location of the
mobile device M when the mobile device 1s detected within
proximity of a fixed sensor 14. Preferably, the mobile device
M has aradio frequency identification (RFID) chip 12 embed-
ded therein, and the fixed sensor 14 1s a radio frequency

sensor, as shown. It should be understood that any suitable
type of proximity sensor may be utilized. The RFID chip 12
1s encoded with the identification data of the mobile device’s
user, allowing the position of the nearest radio frequency
sensor 14 to be recorded as the approximate position of the
person of iterest. As opposed to conventional RFID systems,
in which personal information such as contact numbers,
addresses, medical records, etc., which use RFID tags embed-
ded 1n wristbands or the like, the present system preferably
utilizes RFID chip 12 embedded within the mobile device M,
thus minimizing the possibility of loss or accidental damage
to the RFID chip.

In FI1G. 1, the RFID sensor 14 1s shown as being in com-
munication with the base or tracking station 18 through a hard
line 16. It should be understood that both the location signal
and the supplemental location signal may be transmitted to
the base or tracking station 18 via any suitable type of inter-
face, such as a hard line, a wireless connection, a wireless
mobile network, a local area network or a wide area network,
such as the Internet. In the particular example of users within
the city of Mecca during the Hayj, each pilgrim during the Hajg
typically must have a Hajy permit, with numerous check-
points being organized and formed throughout the city. RFID
sensors 14 may be located at these already designated check-
points, thus minimizing the need for costly and complex
construction of new systems within the city.

FI1G. 2 diagrammatically 1llustrates system components of
the base or tracking station 18. The polling signal 1s transmuit-
ted by a transceiver 28, which may be any suitable type of
transceiver, and the location signal and the supplemental
location signal are also both recetved by the transceiver 28.
Additional data 1s entered into the system via any suitable
type of user interface 24, and may be stored 1n memory 22,
which may be any suitable type of computer readable and
programmable memory. Calculations are performed by a pro-
cessor 20, which may be any suitable type of computer pro-
cessor and may be displayed to the user on display 26, which
may be any suitable type of computer display.

The processor 20 may be associated with, or incorporated
into, any suitable type of computing device, for example, a
personal computer or a programmable logic controller. The
display 26, the processor 20, the computer readable memory
22, the transcerver 28 and any associated computer readable
recording media are 1n communication with one another by
any suitable type of data bus, as 1s well known 1n the art.

Examples of computer-readable recording media include a
magnetic recording apparatus, an optical disk, a magneto-
optical disk, and/or a semiconductor memory (for example,
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RAM, ROM, etc.). Examples of magnetic recording appara-
tus that may be used 1n addition to memory 22, or 1n place of
memory 22, include a hard disk device (HDD), a tflexible disk

(FD), and a magnetic tape (MT). Examples of the optical disk
include a DVD (Digital Versatile Disc), a DVD-RAM, a CD-
ROM (Compact Disc-Read Only Memory), and a CD-R (Re-
cordable)/RW.

The positional data and time data, along with the supple-
mental positional data and the supplemental time data, are
recorded 1n a database, or stored in memory 22 as a set of
geographic positions and corresponding times associated
with a path of the person of interest. A visual display image of
the path of the person of interest 1s then displayed on display
26 at the base or tracking station 18, the path being overlaid on
a geographic map.

FIG. 3 1llustrates an exemplary map display 30, displayed
to a user at the base or tracking station 18 on display 26. The
processor 20 generates the visual display image of the path of
the person of interest overlaid on a geographic or topological
map 1image 40. The display image 30 preferably includes the
date 32, the general location 34 of the map 1mage 40, and the
present time 42. As shown, an icon 36 representing the person
of interest at each recorded position of the person of interest
on the person of interest’s path 1s overlaid on map 1mage 40.
A time code 38 1s displayed adjacent each 1con 36, showing
the position of the person of interest for each polled time.

Preferably, each icon 36 1s mitially displayed in a first
color. IT a location signal 1s not received at the base or tracking
station following transmission of the polling request, and 1f an
updated supplemental location signal i1s also not recerved,
then the icon associated with the person of interest’s last
known position 1s displayed in a second color distinct from
the first color. For example, 11 the person of interest goes
inside a building with no cellular service, or has traveled
outside of the general geographic area of interest, then the
icon representing the last known position would be displayed
in a different color on the dlsplay 26 at the base station 18.

Although the system 10 in FIG. 1 1s shown with only a
single mobile device M being 1n communication with the base
or tracking station 18, 1t should be understood that this 1s for
purposes of simplification only. The system 10 1s adapted for
use with large crowds, such as the Hajj pilgrimage 1n Mecca,
which receives over 2.5 million pilgrims per year, all traveling
within a relatively small city. Preferably, a large fraction of
the pilgrims would be provided with mobile devices M, each
being adapted for receiving the polling signal and transmuit-
ting the location and supplemental location signals. Similarly,
although only a single RFID sensor 14 1s shown, it should be
understood that such sensors would preferably be arranged in
a grid throughout the city. As described above, each mobile
device has an identifier associated therewith, allowing the
base or tracking station to send a polling signal directed at
only one mobile device M, and also allowing each RFID
sensor 14 to distinguish the person who 1s traveling 1n prox-
imity thereto. During the Hajj, each group of pilgrims (typi-
cally numbering a few thousand) typically has a guide,
referred to as a “Mutawil” 1n Arabic. In addition to tracking
the pilgrims at base station 18, the location information
received and calculated at the base station 18 could be re-
transmitted to the guide, allowing the guide to have a visual
representatlon of the locations of each member of his group,
thus ensuring that pilgrims do not get lost as they navigate
through the city.

It should be understood that the mobile device M may
include additional functions, such as a call for emergency aid
that would include the user’s position, or any other suitable
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type of geographic-dependent function typically associated
with GPS-enabled mobile devices.

As a further alternative, the RFID chip and associated
sensor 14 may be replaced with a conventional near field
communication (NFC) system. NFC 1s presently becoming a
standard 1n cellular telephones, and thus may be easily
applied to the above services, as well as providing additional
services to the users. NFC 1s a set of short-range wireless
technologies, typically requiring a distance of four cm or less.
NFC operates at 13.56 MHz and at rates ranging from 106
kbit/s to 848 kbit/s. NFC always mmvolves an initiator and a
target. The imitiator actively generates a radio frequency (RF)
field that can power a passive target. This enables NFC targets
to take very simple form factors, such as tags, stickers, key
fobs, or cards that do not require batteries. NFC peer-to-peer
communication 1s also possible, where both devices are pow-
ered. In the system 100 of FIG. 4, the RFID chip has been
replaced by an NFC mitiator 112, and the RFID sensor has
been replaced by an NFC target 114, which communicates
with the base station 18 via line 116.

As noted above, pilgrims must have a Hajj permit during
their pilgrimage to Mecca. The NFC initiator 112 has on-
board memory associated therewith, containing all relevant
identification and travel information, such as the user’s pho-
tographic 1image (stored as a digital image), identification
documents, an electronic pilgrimage permit, financial trans-
action information (as 1s conventionally known 1n the field of
c-commerce), health and medical information, contact infor-
mation, phone numbers and addresses of user-specific and
Hajj-specific travel sites, etc. Inthis way, the mobile device M
may replace the conventional paper Hajy permit with a simple
and easy electronic version, allowing for quick and efficient
travel by replacing time-consuming permit checkpoints with
NEFC targets 114.

Rather than having a paper permit manually checked at a
checkpoint, a user simply will present a mobile device M
equipped with an NFC mitiator 112 to an NFC target 114,
authorizing pilgrim travel and facilitating their movements,
while still allowing for the security of prohibiting unautho-
rized people from free movement within the city. Due to the
enhanced functionality of NFC, the mobile device M can also
be used for electronic purchases, as 1s known 1n the art of
e-commerce, thus reducing the possibility of loss or thett of
conventional paper currency.

Further, 1dentification and medical information may be
casily stored in the memory of the mobile device M having the
NFC, allowing for efficient treatment of the user 1n the case of
a medical emergency. Further, given the identification and
location data also stored 1n the memory, authorities can easily
aid lost pilgrims in finding their way, even when the pilgrims
do not speak the local language. It should be understood that
mobile devices that are not yet equipped with NFC may use
an RFID system, such as that described above with reference
to FIG. 1.

Further, as described above, the base station 18 regularly
polls the mobile device M to recerve location information (or
the mobile device M transmits such information on a prede-
termined schedule). In the event that cellular service 1s inter-
rupted or not available, and/or the Internet or other connection
between an RFID sensor 14 or an NFC target 114 and the base
station 18 1s interrupted, the mobile device M regularly
checks its ability to properly transmit data, and if 1t 1s found
that data 1s not being properly transmitted, the location and
associated time data 1s stored 1n the mobile device’s on-board
memory for later transmission. When a transmission path to
the base station 18 1s restored, the location and time informa-
tion stored 1n memory 1s transmitted to the base station 18 and
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the on-board memory 1s cleared. In order to save memory
space, a time threshold may be pre-set so that newer location
information can replace older stored information.

It 1s to be understood that the present mvention i1s not
limited to the embodiments described above, but encom-
passes any and all embodiments within the scope of the fol-
lowing claims.

I claim:

1. A method of tracking people, comprising the steps of:

transmitting a polling request to a mobile device associated

with a particular person of interest;

in response to the polling request, transmitting a location

signal including positional data and time data represen-
tative of the location of the mobile device at the time of
reception of the polling request;
determiming 1f the location signal transmitted by the mobile
device 1s being received and 1 communication 1s inter-
rupted, then storing the positional data and the time data
in on-board memory until communication 1s re-estab-
lished and at that time, re-transmitting the location sig-
nal and clearing the stored positional data and the time
data from the on-board memory, wherein the stored
positional data and time data 1s stored for a pre-set time
threshold after which subsequent positional data and
time data overwrites the original stored positional data
and time data;
receving a supplemental location signal from a fixed sen-
sor, the supplemental signal including supplemental
positional data and supplemental time data representa-
tive of the location of the mobile device when the mobile
device 1s detected within proximity of a fixed sensor;

recording the positional and time data and the supplemen-
tal positional and supplemental time data 1n a database
as a set of geographic positions and corresponding times
associated with a path of the person of interest;

generating a visual display image of the path of the person
of interest overlaid on a geographic map; and

transmitting the positional and time data and the supple-
mental positional and supplemental time data to a single
guide ol a group of people, the group of people including,
the person of interest.

2. The method of tracking people as recited in claim 1,
wherein the step of transmitting the polling request includes
transmitting 1dentification data associated with the mobile
device of the person of interest.

3. The method of tracking people as recited 1 claim 2,
wherein the step of generating the visual display image
includes displaying an icon representing the person of interest
at each recorded position of the person of interest on the path
of the person of 1nterest.

4. The method of tracking people as recited 1 claim 3,
wherein the step of generating the visual display image fur-
ther includes displaying the time data associated with each
recorded position, the time data being displayed adjacent the
respective icon associated therewith.

5. The method of tracking people as recited in claim 4,
wherein the step of generating the visual display image
includes displaying each said 1con 1n a first color, wherein 1f
a location signal 1s not recerved following transmission of the
polling request and an updated supplemental location signal
1s not received, then displaying the 1con associated with the
person ol interest’s last known position 1 a second color
distinct from the first color.

6. The method of tracking people as recited in claim 3,
turther comprising the steps of:

receving GPS positional data of the mobile device from

the global positioning system; and
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generating the positional data based upon the GPS posi-

tional data.

7. The method of tracking people as recited in claim 6,
wherein the fixed sensor comprises an RFID receiver, the
supplemental positional data and supplemental time data
being generated upon detection of an RFID chip embedded in

the mobile device 1n proximity of a fixed radio frequency
SENsor.

8. The method of tracking people as recited in claim 6,
wherein the fixed sensor comprises a near field communica-
tion target, the supplemental positional data and supplemen-
tal time data being generated upon detection of a near field
communication initiator embedded in the mobile device 1n
proximity of the near field communication target.

9. A method of tracking people, comprising the steps of:

transmitting a polling request to a mobile device associated

with a particular person of interest;

in response to the polling request, transmitting a location

signal including positional data and time data represen-
tative of the location of the mobile device at the time of
reception of the polling request;
transmitting a supplemental location signal through a fixed
sensor, the supplemental signal including supplemental
positional data and supplemental time data representa-
tive of the location of the mobile device when the mobile
device 1s detected within proximity of the fixed sensor;

determining 1f the location signal transmitted by the mobile
device 1s being recerved and 1 communication 1s inter-
rupted, then storing the positional data and the time data
in on-board memory until communication 1s re-estab-
lished and at that time, re-transmitting the location sig-
nal and clearing the stored positional data and the time
data from the on-board memory, wherein the stored
positional data and time data 1s stored for a pre-set time
threshold after which subsequent positional data and
time data overwrites the original stored positional data
and time data;:
recording the positional and time data and the supplemen-
tal positional and supplemental time data in a database
as a set of geographic positions and corresponding times
associated with a path of the person of interest;

generating a visual display image of the path of the person
ol interest overlaid on a geographic map; and

transmitting the positional and time data and the supple-
mental positional and supplemental time data to a single
guide of a group of people, the group of people including
the person of interest.

10. The method of tracking people as recited 1n claim 9,
wherein the step of transmitting the polling request includes
transmitting 1dentification data associated with the mobile
device of the person of interest.

11. The method of tracking people as recited in claim 10,
wherein the step of generating the visual display image
includes displaying an 1con representing the person of interest
at each recorded position of the person of interest on the path
ol the person of interest.

12. The method of tracking people as recited 1n claim 11,
wherein the step of generating the visual display image fur-
ther includes displaying the time data associated with each
recorded position, the time data being displayed adjacent the
respective 1con associated therewith.

13. The method of tracking people as recited in claim 12,
wherein the step of generating the visual display image
includes displaying each said 1con 1n a first color, wherein 1f
a location signal 1s not recerved following transmission of the
polling request and an updated supplemental location signal
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1s not recerved, then displaying the icon associated with the
person of interest’s last known position 1 a second color
distinct from the first color.
14. The method of tracking people as recited 1n claim 13,
further comprising the steps of:
receving GPS positional data of the mobile device from
the global positioning system; and
generating the positional data based upon the GPS posi-
tional data.

15. The method of tracking people as recited in claim 14,
wherein the fixed sensor comprises an RFID receiver, the
supplemental positional data and supplemental time data
being generated upon detection of an RFID chip embedded in
the mobile device 1n proximity of a fixed radio frequency
SENSOr.

16. The method of tracking people as recited in claim 14,
wherein the fixed sensor comprises a near field communica-
tion target, the supplemental positional data and supplemen-
tal time data being generated upon detection of a near field
communication initiator embedded in the mobile device 1n
proximity of the near field communication target.

17. A system for tracking people, comprising:

means for transmitting a polling request to a mobile device
associated with a particular person of interest;

means for transmitting a location signal including posi-
tional data and time data representative of the location of
the mobile device at the time of transmission of the
location signal upon receipt of the polling request;

a near field communication initiator for transmitting a
supplemental location signal including supplemental
positional data and supplemental time data representa-
tive of the location of the mobile device when the mobile
device 1s detected within proximity of a fixed near field
communication target;

means for recording the positional and time data and the
supplemental positional and supplemental time data 1n
computer readable memory as a database including a set
of geographic positions and corresponding times asso-
ciated with a path of the person of interest;

means for determining if the location signal transmitted by
the mobile device 1s being recerved and 11 communica-
tion 1s interrupted, then storing the positional data and
the time data 1n on-board memory until communication
1s re-established and at that time, re-transmitting the
location signal and clearing the stored positional data
and the time data from the on-board memory, wherein
the stored positional data and time data 1s stored for a
pre-set time threshold after which subsequent positional
data and time data overwrites the original stored posi-
tional data and time data;

means for generating a visual display image of the path of
the person of interest overlaid on a geographic map; and

transmitting the positional and time data and the supple-
mental positional and supplemental time data to a single
guide of a group of people, the group of people including,
the person of interest.

18. The system for tracking people as recited in claim 17,
wherein said means for transmitting the polling request com-
prises a transceiver associated with a remote tracking station.

19. The system for tracking people as recited 1n claim 18,
turther comprising a GPS recerver integrated into the mobile
device.

20. The system for tracking people as recited 1n claim 15,
turther comprising:

an RFID chip embedded 1n the mobile device, wherein the
supplemental location signal 1s transmitted when the




US 8,519,845 B2
9

RFID chip associated with the mobile device 1s detected
within proximity of a fixed radio frequency sensor;

means for transmitting identification data associated with
the mobile device of the person of interest;

means for displaying an i1con representing the person of 5
interest at each recorded position of the person of inter-
est on the path of the person of interest;

means for displaying the time data associated with each
recorded position, the time data being displayed adja-
cent the respective 1con associated therewith; and 10

means for displaying each said icon in a selected color,
wherein each said icon 1s mitially displayed 1n a first
color and 11 a location signal 1s not received following
transmission of the polling request and an updated
supplemental location signal i1s not received, then the 15
icon associated with the person of interest’s last known
position 1s displayed 1n a second color distinct from the
first color.
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